Summary: In the whole brain of rats, apomorphine in doses of 5-10 mg/kg elevated noradrenaline (NA) level 10-20 min after s.c. injection , but reduced NA level 60-90 min after injection in doses of 2-10 mg/kg associated with increased level of 3-methoxy-4-hydroxyphenylethyleneglycol sulfate (MHPG-SO4). With 5 mg/kg of apomorphine, NA content in the pons+medulla oblongata and midbrain showed biphasic changes as seen in the whole brain , whereas NA content increased in the cerebral cortex and hippocampus after 10-20 min, and decreased in the hypothalamus and amygdala after 60 min . Apomorphine in 0.1-0.2 mg/kg did not cause marked changes in brain NA metabolism. These results show that high doses of apomorphine which stimulate postsynaptic dopamine receptors have variable effects on noradrenergic neurons depending upon the time after injection and the brain region under investigation.
Introduction
It is well documented that apomorphine in low doses decreases the release and synthesis of dopamine (DA) by activating presynaptic DA autoreceptor, and in high doses it stimulates postsynaptic DA receptor in the brain (Anden et al. 1967; Carlsson, 1975) . While there is much evidence to support the effect on dopaminergic neurons, conflicting reports exist with regard to the effect on noradrenaline (NA) turnover and metabolism.
For instance, Anden et al. (1967) noted that apomorphine did not influence the disappearance of NA from the brain and the spinal cord after synthesis inhibition, whereas Persson and Waldeck (1970) and Maj et al. (1977) MHPG-SO4 induced 60 min after apomorphine were notable at high apomorphine doses, regardless of cage conditions (data not shown).
Effect of pimozide on apomorphine-induced changes in NA metabolism in the whole brain Rats received pimozide, either 0.5 or 1mg/kg 120 min before sacrifice. There were no significant changes in NA or MH PG-SO4 content in the whole brain (Table 3) . After administration of apomorphine, 5 mg/kg, brain level of NA was again increased 15 min after injection, though not significantly in this experiment, and decreased significantly 60 min after injection. MHPG-SO4 was significantly increased 15 min as well as 60 min after injection, though the greater elevation was found at the latter time. These neurochemical changes produced by apomorphine, 5 mg/kg, were not prevented by pretreatment with pimozide.
Influence of apomorphine on body temperature Apomorphine, 5 mg/kg, depressed the body temperature of rats (Table 4) . Hypothermia began 10 min after administration, and reached its maximum 30 min after injection.
This was followed by a return of temperature to normal range after 120 min. A dose of apomorphine, 0.2 mg/kg, produced a weak effect. Compared with 0.2 mg/kg, 5 mg/kg of the drug elicited a significantly more severe hypothermia 90 min after injection.
Regional study on apomorphine-induced changes in NA metabolism Regional levels of NA and MHPG-SO4 estimated 10, 20 and 60 min after injections of apomorphine, 0.2 and 5 mg/kg, are shown in Fig. 2 . With 5 mg/kg of the drug, the pons + medulla oblongata, midbrain and thalamus exhibited biphasic changes in NA content as seen in the whole brain. NA level in the cerebral cortex and hippocampus increased at the initial phase and returned to control level at a later time, whereas in the hypothalamus and amygdala, only reduction of NA occurred 60 min after injection. The level of M HPG-SO4 remained unchanged in the regions showing NA elevation at the initial phase, and it increased significantly 60 mm after injection in most regions except in the pons + medulla oblongata. In addition, a significant eleva- tioh of MHPG-SO4 was noted at the initial phase in the hypothalamus and amygdala. In contrast to other regions, the basal ganglia demonstrated NA elevation after 60 min, associated with increased MHPG-SO4 level.
With apomorphine, 0.2 mg/kg, slight changes in NA and MHPG-SO4 levels were elicited in several regions. At the initial phase, NA reduction in the midbrain and hypothalamus and elevation in the cerebral cortex appeared, and at a later time, NA reduction in the hypothalamus and thalamus and elevation in the basal ganglia were found. The low dose of the drug increased MHPG-SO4 levels in the hypothalamus throughout the time course studied.
Discussion
The present study has revealed that apomorphine produces time-related neurochemical changes in brain noradrenergic neurons, and in addition its effect differs markedly depending upon the brain regions. These complex effects of apomorphine on brain NA turnover and metabolism are not known despite extensive use in many investigations related to central dopaminergic neurons.
In the dose-response study, the apparent effect of apomorphine on NA system were produced only with high doses (2-10 mg/ kg) acting postsynaptically on dopaminergic neurons, according to the report of Carlsson (1975) . The initial elevation and the subsequent fall of NA found in the whole brain after apomorphine, 5 and 10 mg/kg, show that the drug produces biphasic responses on noradrenergic neurons during the time course studied. Since reduction of NA and elevation of MHPG-SO4 at the later phase occurred concurrently both in whole brain and in certain regions, reduction of NA appears to result from enhanced NA turnover.
Regarding the reduction of NA and the enhancement of NA turnover, our results are in agreement with those. found by other investigators, who investigated the effects after apomorphine, 5-25 mg/kg, a few hours after injection (Nyback et al. 1970; Persson and Waldeck, 1970; Maj et al. 1977) . Compared with doses used in previous studies, a significant effect on NA turnover was detected at a lower dose, 2 mg/ kg, in our study.
Despite the similar biochemical changes for apomorphine, 2-10 mg/kg, at the latter phase, NA and MHPG-SO4 levels in the whole brain differed at the initial phase. The reason for the difference may be that the whole brain study did not allow detection of a slight effect on NA metabolism at 2 mg/kg, and the appearance of NA elevation with or without elevation of MHPG-SO4 at 5 and 10 mg/kg was due to the complex effects of apomorphine on the regional response of NA metabolism. Together with the findings in the whole brain, regions were found with biphasic time-related response (pons+medulla oblongata and midbrain) indicating either initial elevation of NA (cerebral cortex and hippocampus) or NA reduction at a later time (hypothalamus and amygdala). Therefore, the time-related changes may be independent processes. Considering the fact that MHPG-S04 levels in the regions showing NA elevation remained unchanged at the initial phase, one possible explanation for drug action may be an initial inhibition and subsequent enhancement of NA release in certain brain regions. A similar supposition, postulated for the initial effect of apomorphine, has been drawn from an earlier experiment, in which the increase of NA and the decrease of MHPG-SO4 were found 30 min after 200 mg/kg of L-DOPA . Anden et al. (1967) 
